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SUMMARY

Measurements of the pressure distribution about two- and three-
dimensional bodies having flat, hemispherical, and oval leading edges
(nose shapes) have been made at a Mach number of 4.95 and at Reynolds

numbers per foot ranging from 15 x lO6 to 75 X 106. The results were
compared with modified Newtonian theory with and without any considera-
tion of the centrifugal forces present in the flow field.

INTRODUCTION

In order to reduce the heat-transfer rate at the forward portion of
bodies traveling at supersonic and hypersonic velocities, it is necessary
to blunt the leading edges and nose shapes. Blunting will change the
aerodynamic characteristics of the body. Of great importance is the
effect on the pressure distribution, for it is essential to the study of
many of the aerodynamic characteristics of the body. Consequently, a
program has been undertaken in the Langley Gas Dynamics Branch to study
the pressure distributions and heat-transfer rates about blunt bodies.
(For example, see refs. 1 and 2.) The purpose of this paper is to pre-
sent experimental pressure-distribution data obtained for two- and three-
dimensional bodies having similar cross sections.




SYMBOLS
s pl-poo
Cp local pressure coefficient, ——— —
7 2
§pooMoo
pt 1 _Poo
Cp,max maximum pressure coefficient, 2 5
7
§proo
M Mach number
P Pressure, lb/sq in.
T base radius of bodies of revolution, in.
Rp o free-stream Reynolds number based on maximum base diameter
P of three-dimensional models

R-,-’oo free-stream Reynolds number based on maximum body thickness

of two-dimensional models
s distance along body surface measured from stagnation point,

in.
t one-half maximum body thickness of two-dimensional models,

in.
X distance parallel to axis of symmetry measured from stagna-

tion point, in.
Yy distance from axis of symmetry to outer surface of model, in.
04 ratio of specific heats
Subscripts:
1 conditions just behind a normal shock
1 local conditions
max maximum
t stagnation conditions

o free-stream conditions
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APPARATUS AND TESTING PROCEDURE

Tests of two- and three-dimensional bodies having flat, hemispher-
ical, and oval leading edges were conducted at a Mach number of 4.95 in
a 9-inch blowdown, axial-symmetric jet in the Langley gas dynamics labo-
ratory at a stagnation temperature of approximately 860° R for Reynolds

numbers per foot ranging from 15 X 106 to 75 x 106. The pressure measure-
ments were made with 16-inch-dial test gages or a 10-foot mercury manom-
eter, or both. The mercury manometer was used to measure the lower pres-
sures and the gages were used to measure the higher pressures. The gages
were selected to give the greatest gage-reading accuracy possible for the
measurement in question.

Figure l(a) shows the two-dimensional model installed in the tun-
nel test section in testing position. The pressures were measured in
a plane parallel to the flow at the midspan. Two additional measuring
stations for the stagnation pressure were located 1.5 inches on each side
of the midspan. The data from these two stations were used to check for
any three-dimensional effects, Because of difficulties encountered in
establishing supersonic flow in the tunnel with the model initially in
the test section, the tunnel was brought to steady operating conditions
(supersonic conditions) and the model was then injected into the flow by
means of a pneumatic actuator. Data were recorded after uniform flow
(supersonic flow) was reestablished. Reestablishment of supersonic flow
was checked by noting the tunnel static pressure before and after the
injection of the model in the test section of the tunnel. Figure 1(b)
shows the installation for testing the three-dimensional models. The
shaded areas shown in figure l(b) are cross-sectional views of the support.

Model geometry is shown in figure 2. The two-dimensional models
have a 7-inch span, and end plates are mounted on them in order to reduce
any three-dimensional effects. The contours of the oval models were
determined by a prescribed pressure distribution. (See ref. 1, body
Cy = 0.586.) The models were fabricated from type 416 stainless steel.

RESULTS

The experimental results are expressed as the ratio of the local
pressure coefficient of the model to the stagnation (maximum) pressure
coefficient of the model, and this ratio is plotted against the distance
from the stagnation point divided by one-half the maximum thickness of
the model.




The experimental pressure distributions for the two- and three-
dimensional models with flat leading edges are shown in figures B(a) and
3(b) along with the result of modified Newtonian theory (ref. 3). The
theory in this case fails to predict any pressure variation across the
face of the body. The pressures decrease at a lower rate over the three-
dimensional model than over the two-dimensional model.

The experimental pressure distributions for the oval two- and three-
dimensional models are shown in figures 3(c) and B(d), along with the
results of modified Newtonian theory with and without centrifugsl-force
corrections, The pressures over these two models decrease at approxi-
mately the same rate.

The experimental pressure distributions for the hemispherical two-
and three-dimensional models are shown in figures 3(e) and 3(f), along
with the result of modified Newtonian theory with and without centrifugal-
force corrections. The pressures decrease at a faster rate over the
three-dimensional model than over the two-dimensional model. The differ-
ence in agreement with modified Newtonian flow between the two- and three-
dimensional models is perhaps related to the flow picture explained in
reference 4. 1In reference 4, it is pointed out that there is an increase
in pressure Jjust behind the shock as compared with the pressure behind a
concentric shock. This increase in pressure 1s opposed by a reduction
in pressure across the shock layer due to reduced centrifugal forces.

The centrifugal forces are reduced because the radii of curvature of the
streamlines increase with distance normal to the body surface. The
resulting net pressure for the three-dimensional body is very close to
that predicted by the modified Newtonian theory, which neglects the
increase in pressure behind the shock due to shock divergence from the
body as well as the reduction in pressure across the shock layer due to
reduced centrifugal forces. It appears that the two opposite effects
are of the same magnitude and cancel for this case. For the two-
dimensional model it appears that the shock divergence effect predominates
and hence a higher net pressure results. The preceding discussion is
restricted to the hemispherical models inasmuch as it can be seen from
figures 5(&) and 3(b) that the shock divergence effect seems to be
reversed for the flat-face models.

Figures h(a) and h(b) show that for the hemispherical two- and
three-dimensional models, the present data are in agreement with existing
data (refs. 2 and 5 to 10). Existing data cover a Mach number range of
1.98 to 18.80 and a free-stream Reynolds number range based on maximum

body thickness of 6.7 X lO5 to 6.7 X 106. The tests of reference 8 were
the only tests conducted in a helium tunnel.

o\l £




-

W\

CONCLUDING REMARKS

Measurements of the pressure distributions about two- and three-
dimensional bodies having flat, hemispherical, and oval leading edges
have been made at a Mach number of 4.95 and at Reynolds numbers per foot

ranging from 15 X lO6 to 75 X 106. For the hemispherical models, the
pressures decreased faster with distance from the stagnation point over
the three-dimensional model than over the two-dimensional model. For the
flat-leading-edge models, the reverse was true. The pressures over the
oval-leading-edge models decreased at approximately the same rate. Modi-
fied Newtonian theory, without centrifugal-force corrections, predicted
pressures on the hemispherical three-dimensional model very well.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., June 1, 1959.
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(a) Flat, two-dimensional model.
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(¢) Hemisphere, two-dimensional model.
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(b) Flat, three-dimensional model.
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{d) Hemisphere, three-dimensional model.

Dimensionless contour coordinates
for oval models
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(e) Oval, two-dimensional model.

Figure 2.- Model geometry.
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(f) Oval, three-dimensional model.

(All dimensions are in inches.)
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1.0% a T
8
.8 S
Py s 1b/sq in. RT'.
o 615 149 x 100
1 O 810 1.97 x 10
6 - S 1015 2,47 x 106 —
A 1215 2.94 x 106
Vv 1515 3,65 x 102
N 2015 .83 x 106 — |
—Newtonian
theory
ol
Cp/Cp,max
.2
° —% o
-2
) .2 A .6 .8 1.0 1.2 1. 1.6 1.8
8/t
(a) Flat, two-dimensional model.
1.0p o ﬁ %
. ]
» P, 1b/aq in. RD,.
O 615 3.2 x 106
O 625 3.3 x 100
Cp/Cp,max & 1515 8.1 x 106
O 1525 7.9 x 106
v 2475 13.0 x 106
A N 2510 13.5 x 106
—Newtonian
theory
.2
0
0 .2 b N3 .8 1.0 1.2 1.4 1.6 1.8
s/r

(b) Flat, three-dimensional model.

Figure 3.- Comparison of experimental and theoretical pressure distribu-
tion for M = 4.95.
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1.0 =3 ‘Q\
™~ \\
\Q\ \
o8 AN
\ \\
AN
\
1b, in. R
Cp/Cp,max Pe,.» 10/89 in Trem \
O 615 1.46 x 106 g
0 1035 2.43 x 106
4 & 1515 3.29 x 106 \
D 2005 +63 x 106 \
vV 2525 .10 x 106
~——Newtonian theory \
~ ~Newtonian theory plus \
centrifugal force \ g
2 \ \
N
A
\ 8
0L
o] o2 ol ) «8 1.0 1.2 1ol
s/t
(c) Oval, two-dimensional model.
1.0
== S
N
N\
.8 \‘\
N
\
6 Py, 1b/sq in. RD,. \\e
O g 3.3 x 106 \
Cp/Cp, max 0 1520 7.9 x 106
<O 2510 12,9 x 106 \| &
~— Newtonian theory
1t — —Newtonian theory plus \
centrifugal force \
y :
\ |o
o2 1‘ \
0
0 .2 oL o6 .8 1.0 1.2 1.
s/r

(d) Oval, three-dimensional model.

Figure 3.- Continued.
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\ A 2015
s \ V 2535

Cp/Cp,max N

6 NN Py ,.» 10/sa 1n,
) Yo Y o 61
AN g\ o 1012
¢ q O 1515

6 x 106
9 x 106
5 x 106
8 x 106
6.00 x 106

—Newtonlian theory
\ --Newtonlan theory plus
centrifugal force

. \\ N

\ 8
0
0 .2 ot .b .8 1.0 1.2 1. 1.6 1.8
s/t
(e) Hemisphere, two-dimensional model.
1,0 Py
§°_\
X ]
N
N
.8 \\ Py, 1b/sq in. Rp, .
AN
o 615 3.2 x 106
\&\ 0 1515 8.0 x 10
N\ & 2505 13.0 x 106
\ —Newtonian theory
.6 \ — ~Newtonian theory plus
\ centrifugal force
Cp/Cp,max AN \
4 AV 4
\
AN \
.2 \\
\ Q|
N
. . \\0‘
0 .2 ol .6 .8 1.0 1.2 1.4 1.6 1.8
s/r

(f) Hemisphere, three-dimensional model.

Figure 3.- Concluded.
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. N \{ .| Rr,e Reference No,
N\ .
Q 1.98 5.5 x 105
N 0 2.90 7.2 x 105 3
\A <& 3.gu 6.7 x 103 6
s N q 4 5.80 2,38 x 106 g
g Vv 11.80
oo/ !2 12.80 8
c 13.80 8
/TR max N\ 7 Present test
\ n —- Newtonian theory
o = v -Newtonian theory plus
\ \ § centrifugal force
X
A
2 < 5
\ \ A
N \,)\
a <
o \\ | g o
‘- (o}
AN
-2
0 .2 m K3 .8 1.0 1.2 1o 1.6 1.8 2.0
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(a) Hemisphere, two-dimensional models.
1.0
S
[
p M ”RD,- Reference No.
o 2.00 6.5 x 106 2
-6 N} 0 2.05 u.il. x 106 10
Ny O 2,5 k.57 x 106 10
d A 3,04 L.16 x 196 10
V Bel5 6.7 x 10 2
\ D 5.80 2.38 x 106 5
6 N g 4 6.80 1.03 x 106 1
¥ U 12.10. g
N 13.70
Cp/Cp,mi NP o Dlg‘g" g
smax 0 18.80
N ﬁk O Preseni tsst
A AN ——Rewtenian theory
\ —~Newtonian theory plus
9 centrifugal force
N
2 N\
N
AN z\ﬁv\k
o N © v o # tha
-e2
0 2 ol .6 .8 1.0 1.2 1.0 1.6 1.8 2.0

s/r

(b) Hemisphere, three-dimensional models.

Figure 4.- Comparison of present data with existing data for hemispherical
models.



